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Introduction

Sampling Theorem

Y VYV V

Analog Pulse Modulation (APM)

Pulse Amplitude (PAM)

= Pulse Width (PWM)

= Pulse Position (PPM)

> Digital Pulse Modulation (DPM)
= Pulse Code Modulation (PCM)

Delta Modulation (DM)
Digital Modulation Techniques: ASK.
Digital modulation techniques: PSK.

Digital modulation techniques: FSK.

YV V VYV V

Multiplexing Techniques

Frequency Division Multiplexing (FDM)
= Time Division Multiplexing (TDM)
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Review

WHAT IS MODULATION ?

Modulation is the process of changing some property of the information sources/signal into suitable form for transmission
through the physical medium/channel. It is performed in the Transmitter by a device called Modulator. It is the process of
putting information onto a high frequency carrier in a transmitter.

Modify a
Signal
"Modulate"

Detect the Modifications
"Demodulate”

Any reliably detectable change in
signal characteristics can carry information

Here baseband signals comes from a audio/video or computer. Baseband signals are also
called modulating signal as it modulates carrier signal. carrier signals are high frequency Ktcd latoE
radio waves it generally comes from a radio frequency (RF) oscillators. These two signals
are combined in modulator. Modulator takes the instantaneous amplitude of baseband signal
and varies amplitude/frequency/phase of carrier signal. Resultant signal is a modulated
signal. It goes to an RF-amplifier for signal power boosting and then feed to antenna or a
transmission medium.

Baseband RF Power

Modulated

Modulating

RF
Oscillator

EEE323 Communication Systems I N ieion- Black. Dlagrarm 4
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Modulation/DEMODULATION

Modulation is important because:

> Reduction in the height and size of antenna
Avoids mixing of signals

Increases the range of communication
Multiplexing is possible

>
>
>
> Improves quality of reception

DEMODULATION ?

Demodulation is the opposite process of modulation. It is extracting the
original information signal from a modulated carrier signal. It is the
process of shifting the passband signal to baseband frequency range at
the receiver A radio antenna receives low power signal. A co-axial
cable end point can also take as an signal input. An RF amplifier boosts
the signal amplitude. Then the signal goes to a demodulator.
demodulator does the reverse of modulation and extracts the back
band signal from carrier. Then the baseband signal is amplified to feed
an audio speaker or video monitor.

DeModulator

Amplifier Modulated Modulating

signal

Baseband
Amplifier

signal

Local Carrier

Local
Oscillator

Demeodulation Block Diagram

A modem receives signals and also transmits signals thus it does modulation and demodulation at the same time. Thus, the name
modem has been given (modulation and demodulation). EEE323 Communication Systems II 5



Modulation Types

By modulation, characteristics in the carrier signal are

_ _ DSB-FC
changed according to the message signal. Two most
common used forms of carriers — Periodic pulse wave DSB-SC
and Sinusoidal wave. Correspondingly, we 1dentify _ AM
two main classes of modulation SSB
— Continuous wave (CW) which includes —CW Modulation— VSB
Amplitude Modulation (AM)
Angle Modulation which includes FM
-Frequency Modulation-(FM) a Angle
~Phase Modulation-(PM) E Modulation e
Already given in semester 1. = a
=
S PAM
= Analog Pulse
. ) ) ~ Modulati PWM
— Pulse modulation which includes e PTM
Pulse Analog Modulation : h 1
ulse Analog Modulation : such as pulse S PPM
amplitude (PAM) and pulse time modulations . —
. Modulation DM
(PTM) respectively.
Pulse Digital Modulation : Examples are pulse Digital Pulse
code modulation (PCM) and delta modulation Modulation PCM
(DM).
DPCM

EEE323 Communication Systems I 6



Pulse Modulation

Pulse Modulation, similar to the CW modulation techniques, consists of two signals, which are the carrier and the
message modulating signals. However, in Pulse Modulation, carrier signal is in the form of a pulse signal. The
message signal will modulate the carrier signal to generate pulse-modulated signal.

There are two families of pulse modulation /\/ JI

1. Analog Pulse Modulation (APM) Modulating message signal —» Modulator

T Modulated signal

2. Digital Pulse Modulation (DPM)

Carrier signal

In analog pulse modulation, a periodic pulse train 1s used as the carrier wave, and sc ﬂﬂﬂﬂﬂﬂ

cach pulse (e.g., amplitude, duration, or position) 1s varied in a continuous manner in accordance with the
corresponding sample value of the message signal. Thus, in analog pulse modulation, information is transmitted
basically 1in analog form, but the transmission takes place at discrete times.

In digital pulse modulation, on the other hand, the message signal is represented in a form that 1s discrete in both
time and amplitude, thereby permitting its transmission in digital form as a sequence of coded pulses.
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Pulse Modulation

The process of transmitting signals in the form of pulses (discontinuous signals) by using special techniques.

Analog Pulse Modulation Digital Pulse Modulation

== Pulse Amplitude (PAM) ymm) Pulse Code (PCM)

=) Pulse Width (PWM) ums) Delta (DM)

imm) Pulse Position (PPM)

Advantages of Pulse modulation over CW modulation

v" Since we transmit the information using a pulse train, we do not need to generate power
continuously. Power is transmitted in short bursts.

v'Since, time between two pulses is free, it can be utilized to send samples of other message
signals. This is called as Time Division Multiplexing.

o 0w

Disadvantages of Pulse modulation over CW modulation
U It needs large bandwidth

EEE323 Communication Systems I 8



Sampling Theorem and Nyquist Rate

Sampling means taking several samples from the modulating signal (information or message signal which will be
transmitted). From this signal, several samples will be taken to represent the waveform. Sampling is common 1n all

pulse modulation techniques.

Consider an analogue signal x(#) that can be viewed as a continuous function of time, as shown in figure. We can
represent this signal as a discrete time signal by using values of x(t) at intervals of nTs to form x(nTs) as shown in
figure. We are "grabbing" points from the function x(t) at regular intervals of time, Ts, called the sampling period.

Sampling Pulses
1V—|-“‘“'“‘”‘“‘“-”-“'|
oV

Sampling Input

i Information Signal =Y o= cm e am = — ] Sampled Output
Basic Sampling Process
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Sampling Theorem and Nyquist Rate

Analog signal 1s sampled every 7§ secs. T 1s referred to as the sampling interval. f; = 1/T; 1s called the sampling
rate or sampling frequency. Based on Shannon sampling theorem, minimum sampling frequency f, should be

twice or higher than the highest frequency of modulating signal f,,,.

famin>2 f,,

When f; =2 f,, the sampling rate is called Nyquist rate. Sampled spectrum is repeating periodically without
overlapping.

Original spectrum is centred at w = 0 and having bandwidth of w,,. Spectrum can be recovered by passing
through low pass filter with cut off w,,

When f; <2 f,, sampled spectrum will overlap and cannot be recovered back. This is called aliasing or foldover
distortion.

10
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